A lthough many studies have helped to shape the treatment of ruptured intracranial aneurysms (IAs), 2 specific studies have had an enormous impact on the field. The original publications of the International Subarachnoid Aneurysm Trial 9 (ISAT) and the Barrow Ruptured Aneurysm Trial 7 (BRAT) have unequivocally changed the treatment of ruptured IAs. Like many pivotal studies, they have garnered substantial attention and have been the subject of intense scrutiny. In the present article, Spetzler et al.
13 present the 10-year analysis of patients harboring ruptured saccular aneurysms enrolled in BRAT.
BRAT focused on 3 key outcome measures: clinical outcome, rate of retreatment, and rate of rebleeeding. Spetzler et al. 13 demonstrated that there was no stastically significant difference in clinical outcome (defined by death or modified Rankin Scale [mRS] score > 2) between the 2 treatment arms through 10 years of follow-up. After the initial hospitalization, retreatment was required in 2 of 241 (0.8%) clipped saccular aneurysms compared to 23 of 115 (20%) coiled saccular aneurysms. Furthermore, at the 10-year follow-up, complete obliteration rates were higher in the clipped compared to coiled group (50/54 [93%] vs 5/23 [22%]). Two patients experienced documented rebleeding and both were assigned to and treated in the coiled group (one was from the target aneurysm and another from an incidental, coiled basilar artery aneurysm).
Differences between the design of ISAT and BRAT have previously been discussed in detail [3] [4] [5] [6] 8 and the respective study designs have strengths and limitations. Briefly, ISAT was a randomized trial comparing patients with ruptured IAs deemed suitable for treatment with either microsurgical clipping or endovascular coiling. As a result, the population of patients enrolled was highly selected, with 78% of screened patients being excluded.
9 On the other hand, BRAT was designed to be an inclusive trial randomizing eligible patients to microsurgery or endovascular therapy, but allowing cross-over if the particular aneurysm was not deemed amenable for treatment with the assigned method. From the present BRAT report, 13 1 of 178 (< 1%) clip-assigned patients crossed over to coiling, whereas 64 of 178 (36%) coil-assigned patients crossed over to clipping. The data were analyzed in an intent-totreat fashion such that the coil-assigned patients crossing over to clipping were included in the coiled group for purposes of outcome. The high rate of cross-over in BRAT is an area of significant concern and is a limitation inherent in the study design.
The readership is aware that patients in BRAT were enrolled between 2003 and 2007. Certainly, much has changed in endovascular technology and innovation since the period of enrollment (over 1 decade), yet microsurgical clipping has remained relatively stable with few major incremental improvements. The proportion of patients with ruptured IAs undergoing endovascular treatment has increased sharply.
12 At many centers throughout the world, 70%-90% (or higher) of patients harboring ruptured aneurysms are treated with endovascular methods.
1 As a result, evaluation of the BRAT data in the setting of the present environment can be difficult, particularly in regard to the disparity in cross-overs between the groups.
Cross-overs from coil-assigned patients to clipping occurred with high frequency even in the very skilled hands of the Barrow Neurological Institute team of endovascular surgeons. Similarly, it should be taken into consideration that only a single patient crossed over from the clip-assigned group to the coiling group. Not only is this disparity striking from a statistical perspective, it also probably does not accurately reflect current practice or the way in which IA management is now evaluated. Is a ruptured wide-necked ophthalmic aneurysm in a patient with normal vision really better managed with clipping and the surgical adjuncts of clinoid removal and cervical carotid exposure? Many would probably argue that these lesions are more suitable for balloon-assisted coiling. A contemporary study may have considerably less cross-over from the coil-to-clip group and significantly greater cross-over from the clip-to-coil group.
In this report of the 10-year follow-up of BRAT, the authors have selected to examine patients with ruptured saccular IAs. The authors state that they did so because every other randomized trial comparing clipping and coiling was limited to only saccular aneurysms. At first glance, this appears to be very reasonable. However, this introduces potential problems to the analysis. First, BRAT was designed to be a study of a cohort of nonselected patients with subarachnoid hemorrhage (SAH). The present analysis is hence an analysis of a subgroup that was not predefined in the trial design (redefines a population for outcome analysis). Second, the definition of saccular versus nonsaccular aneurysm can be subjective and introduces potential bias. When the authors compared analysis of patients harboring saccular aneurysms versus all types of aneurysms with 6 years of follow-up, 14,15 for posterior circulation lesions coiling was associated with better outcomes if all aneurysms were included, whereas no significant differences in outcomes were observed when analyzing only saccular aneurysms. It is not clear if such differences in outcome would be seen at 10 years if all patients with aneurysms were included in this analysis.
In terms of obliteration during the follow-up period, it is not unexpected that more clip-treated patients had complete obliteration compared to coil-treated patients (50/54 [93%] vs 5/23 [22%], respectively). However, it should be noted that the 10-year angiographic follow-up is extremely limited. Similarly, the rate of retreatment after discharge from the hospital was higher in the coiled compared to the clipped group (23/115 [20%] vs 2/241 [< 1%], respectively) although the indications for retreatment were not clearly delineated.
The rebleeding rates observed were low overall. Although no rebleeding was observed at 6 years of followup, 14 2 SAHs were seen during 10 years of follow-up (1 from a previously ruptured, previously coiled lesion and 1 from a previously treated but unruptured lesion).
A general caveat to the obliteration, retreatment, and rebleeding data presented is that these data apply to follow-up after the initial discharge. It should be remembered that 7 patients assigned to the coil group and 5 patients assigned to the clip group (9 patients who actually underwent clipping and 3 patients who actually underwent coiling) were retreated by the time of discharge from the hospital after treatment of the initial hemorrhage. Additionally, rebleeding occurred after treatment during the initial hospitalization in 2 patients (both of whom underwent surgical clipping-1 assigned to the clipping group and 1 assigned to the coil group).
7
There are several possibilities for the apparent lack of difference in outcomes between the coil-treated versus clip-treated patients at 10 years. First, there may truly be no difference in long-term outcome between the groups, and it may be true that the treatments are equivalent with respect to clinical outcome (although there are noted differences in complete obliteration, retreatment, and rebleeding in this report). Second, the study is underpowered to detect such differences, especially as the number of patients available for follow-up decreases and the outcome confidence intervals widen. Third, the outcome measures used are potentially not sensitive enough to detect true differences in outcome that affect a given patient's functional capacity. Although the mRS is a commonly used clinical outcome measure, it is not without its limitations. The BRAT did not include cognitive outcomes measures. Cognitive outcomes may explain differences between those patients who can return to their previous level of function and those who cannot. Data from ISAT demonstrates that cognitive impairment occurred in one-third of patients who were not otherwise disabled according to the mRS.
11
Moreover, in the neuropsychological substudy from ISAT, cognitive outcomes were better in patients undergoing coiling compared to clipping.
11 Of note, ISAT is the only study to compare cognitive outcomes of patients undergoing clipping versus coiling in a randomized population.
The long-term follow-up from ISAT demonstrates that the probability of death or dependency was significantly greater in the neurosurgical group compared to the endovascular group. The rate of rebleeding was higher in the endovascular group, although the risk was still low, and the probability of disability-free survival was significantly higher in the endovascular compared to the neurosurgical group at 10 years.
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The authors do not include a table examining outcomes in patients with saccular aneurysms by actual treatment, which they did include in the 6-year follow-up data published last year. 15 In the prior report, there were trends from outcome at discharge through 6 years that patients who were assigned to coiling and underwent coiling had a lower incidence of poor outcome (mRS score > 2) compared to patients assigned to clipping and who underwent clipping. Patients who were assigned to coiling and underwent clipping had a trend toward worse outcomes at all time points. It should be considered that these IAs not deemed suitable for endovascular therapy may represent a more complex subset of lesions (i.e., wide neck, incorporation of parent vessel, large size) or be associated with hemorrhage requiring evacuation, thus making treatment by any modality inherently more difficult and prone to complication or inherently associated with an increased probability of poor outcome. This, of course, would negatively impact the outcome in those crossing over from coiling to clipping.
The BRAT has significant strengths, including but not limited to its inclusive design, attempt to reflect everyday clinical practice, predefined outcome measures, and its thoughtful design and data reporting. It presents a single center's outcomes in managing patients with ruptured IAs in a randomized design that allowed cross-overs. It should also be noted that the study applies to a specific population of patients treated at a world-class center with the staffing, ancillary services, and resources required to treat this dis-
